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ituated at the higher, drier western margin of the Great Plains, some part of eastern Colorado has experienced drought in nearly every decade since instrumental climate data began to be collected a little |
more than a century ago. Particularly severe droughts occurred during the 1930s, 1950s, and, to a lesser degree, the 1970s. Historical records in diaries and early newspaper articles indicate that severe i
droughts also occurred with similar frequency during the 19th century. In addition, dendrochronologic (tree-ring) data from areas outside of Colorado, but along or relatively near the margin of the Great i
. . . . . . . . —— LOGAN |
Plains, reveal a pattern of recurring drought that extends back several centuries. Thus, it is reasonable to expect that severe droughts will continue to occur at least once every two to four decades during the (95 |
: |
21st century (see drought recurrence diagram below). !
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uring historic time, inhabitants of the Great Plains have experienced a succession of \\ 76 O B Jorth !
climatically driven cycles of economic boom and bust. Drought has been the primary driver : \' s Yo
. .. . . .. nearl, evel of jet aircraft approaching Denver on May 19, 1991. Dust storms such 1 Uy My |
of bad times because of its impact on water supplies, crops, and grazing land. In addition, S : _ Jate / d early May as weather and human activities combine to create conditions by a2y gt
o o o 2 ¢ ern K n. During spring, farm fields are tilled and various construction projects break ground at a ol
prolonged droughts have set the stage for massive wind erosion and huge dust storms. With & < ‘ 3 k e il t0rms 1 ot yet frequent. and S/ Seiqures mC 2|
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or without global warming, droughts will continue to occur and will affect the economy and YT , mal because the growing season has just begun. Photograph by R Madole. S 15 e 2 i g1z
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social fabric of the region. Droughts cannot be prevented, but an improved understanding of : 5 VA 1 ehhood Of larg 8 B
their causes and effects can provide a basis for planning that will minimize negative impacts of these ai éiﬁ :
on society. E;;;er ¢ S e :jﬁ!
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The period during which meteorological data have been recorded in eastern Colorado is R i i
far too short to encompass the full range of variability possible under the present climate. An s uing the Iz N
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understanding of the long-term pattern of climate change is required to plan for changes that ~and western i |
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are likely to occur in the near future and to anticipate the effects that these changes will have o ¥ o |
: : . ; ; castward and 11 visible on satellite in agery two glays later over the mlddle of the Atlantic Ocean (McCauley and '
on humans and the environment. This map is part of a U.S. Geological Survey project, the . ! g |
purpose of which is to determine the range of climate variability possible on the western N 3 (, !
Great Plains in the 21st century and to achieve a better understanding of the effects of slight #¢ Shifts ate have the popé’ntial for serious socioeconomic consequences in the western Great |
changes in climate on dune reactivation, dust-storm generation, water supplies, land use, and ~ Plains a ‘\ larid and arid western United States. Population centers in these regions are :
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ind-deposited sediment blankets about 60 percent of Colorado east of the Rocky Mountains. About 30 B !
percent of this sediment is sand and about 70 percent is loess (dust deposits of mostly silt). Several different l
ages of wind-deposited sediment are present. They span many thousands of years and show that episodic o7 o !
mobilization of sediment by wind is not just a recent phenomenon in this region. Wind-deposited sand came OKLAHOMA g R Y
primarily from stream channels and flood plains, as did much of the dust. ¥ Y e |
Typically, deposits of windblown sand are 3—10 meters thick, but in parts of the Wray dune field, the y !
eastern South Platte sand area, and the Black Squirrel sand area, they are as much as 20-40 meters thick. CROWLEY & 'l
Most dune sand is presently stable and covered with vegetation. Parabolic dunes are dominant throughout 0 ﬁ |
. |
northeastern and central Colorado, whereas blowout dunes are the most common type in areas south of the 3 O l
Arkansas River. Both of these dune types are controlled primarily by vegetation and (or) moisture that il
partially stabilize the sand. In contrast, wind e oS ) % |
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closed front that faces downwind and arms that trail damaged by wind erosion as of 1954 3 7 ( 8 E e
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. . A Figure 6 (above). The Dust Bowl. A, The boundaries of the areas affected most intensely by drought in 4 - Y 54 c\“k >
Blowout dunes are Slmply circular or bOWI'Shaped the 1930s and 1950s were similar but not identical. Even during the same drought (the 1930s, for example), - - ‘ i gii Lallunty ¥
features of deflation (see diagram s Of dune types on the boundaries of drought-stricken areas changed with time. B. In the 1930s and 1950s, southeastern . - - _ - " . . 3 y § _ e _ PROWERS I
] Colorado was the locus of severe wind erosion. The area was the source of “black blizzards” (dense dust . ’ ' , - \ N e s 4 ) ” . ' ..: f . OTERO ' l
this map sheet ) storms) during the 1930s, and many farms and ranches there were abandoned. During the 1930s, the Federal - ; R e N - - e o L . » | / ’ J > I
) . government began a program to purchase marginal agricultural land to establish land-management - - i ’ e } y Yy " ; . / / “j |
Two types of parabohc dunes deserve mention demonstration projects. One result of the program was the eventual creation, in June 1960, of a system of ' . . ; . |y f) 2 3 ; - 3 A ¥ l
i . National Grasslands. The Comanche National Grassland in southeastern Colorado and the Pawnee National o 5 " Indian palntbru.?'h (Castilleja sp.), a : - % ¢ h |
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type consists of long, low, topographically subdued, . S y . 0 %'E
U-shaped (hairpin) simple parabolic dunes, whereas . S — ]é_P# D < 0! i
the other type consists of relatively high, < s e e I;L“y”es I : P~ ll
topo-graphically rough, compounq parabolic dunes Z{;gf;g:; ggtvvz sl,;ﬁglstm:stf é ‘. [, l". M UINL/IAZ S AL/ J ! ( 4 N ST ‘ Walsenburg g ' ok :
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The arms of the U-shaped simple parabolic dunes Z‘gggf:;h%”gg/srﬁﬁ”” have Wind-deposited (eolian) sand—Seven named sand areas are ' J F I
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than surrpundlng terrain. They are conspicuous on as:nal photpgraphs because of the length and hnealjlty of the dune arms, but ge,,e,a,,z, ;avs s,,r,;,othe, two-thirds of the approximately 26,370 square kilometers of eolian sand (table 2 in the pamphlet) in | . ,. o |
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the concentric leading edge is missing due to continued wind erosion. e L average surface temperature and estimated annual precipitation have varied only slightly in this i iy
Blowout Dunes Parabolic Dunes region (Kutzbach, 1987). Given that climate changed little during the time that wind repeatedly alta’y Pocaliyamentioned tyfexs 4 57 bk Las ANIMAS ; ' e . !
: & mobilized sand over large areas suggests that under the present climate, eastern Colorado is near the o> Archeological site—C, Claypool; D, Dent; FP, Fowler—Parrish; : 3 i v 'l
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Types of sand dunes in eastern Colorado. A, Blowout dunes are circular or bowl-shaped McCauley and others, 1981). songbirds in the eastern Colorado grasslands. Its \ plains and mountain areas of Colorado. GIS database created by PacoVanSistine in 2004
features of wind erosion. The shape and symmetry of the depression and the surrounding dune delightful songs, made while perched on __ 1 Drawing by Margaret Austin, USDA. 10 5 0 10 20 30 40 50 MILES Base map created from USGS DEM,
are functions of the direction(s) of the sand-transporting wind and the distribution of vegetation A study of the source areas of the 1977 dust storm ( McCauley a fence post, atop a yucca, or on ' | = = 7 — e — ESRI Data and Maps 2000 data set, and USGS National Atlas files
and moisture in the area. B, Simple parabolic dunes approximate a parabola in plan view. They i X some other tall plant, are heard g i Lambert Conformal Conic projection, Clark Spheroid of 1866
have a convex front that faces downwind and arms that trail upwind toward the open end of the and other. S, 1981 ), which included southeastern Colorado and almost everywhere across the ; North American Datum of 1927
parabola. Parabolic dunes are products of wind that is chiefly unidirectional, and the greatest P " plains, especially in the 4
amount of erosion and deposition is at the downwind edge of the dune. The front part of the adJ01n1ng western Kansas and an area near the Texas-New early spring. =3 //
dune tends to build and migrate downwind over time, whereas sand piled along the flanks is left Mexico border revealed that spemfic land-use practlces had =y .
behind to form the trailing arms of the parabolic dune. A shallow water table or damp sand may
limit the depth or growth of the dune, and vegetation tends to stabilize the dune arms. Parabolic -

dunes occur in many shapes and sizes. They range from U-shaped to V-shaped, and from long
and narrow (hairpin like) to nearly as wide as they are long. C, Compound parabolic dunes
consist of clusters of small parabolic forms and elongated blowouts that are superposed on
larger parabolic masses of sand (see fig. 8 on the map sheet). Within the clusters of small
parabolic forms, individual dunes tend to be aligned in rows and they often overlap in an orderly
steplike arrangement or telescoping patterns. The main parabolic sand masses are generally

| kilometer or more long and have steep flanks that rise 10—20 meters. Drawings by Arthur Isom, USGS.

Dune orientations and the distribution of wind-deposited sand : Z2 7 : o : TS
with respect to source areas show that the dominant sand-transporting  _ : o o - Ty
winds were northwesterly in northeastern and east-central Colorado
and southwesterly in southeastern and south-central Colorado. Eolian
sand stratigraphy indicates that paleowind directions in latest
Pleistocene time were similar to those in the Holocene. At present,
prevailing winds over most of northeastern and east-central Colorado
and adjoining parts of Kansas and Nebraska are northwesterly from
October to April and southeasterly from June through September
(Muhs and others, 1996). Southeasterly winds bring moisture inland
from the Gulf of Mexico and are the reason why 70-80 percent of the
annual precipitation in eastern Colorado is received between April
and September (Berry, 1959).

.. contributed to extreme wind erosion.
»* Among these practices was the removal of B
windbreaks and shelter belts (the term for trees planted
-, after the 1930s drought) in order to install center-pivot
\\ irrigators. Other ill-advised land-use practices included
attempts to produce crops on irrigated sand dunes,
removing natural vegetation from rangeland on
; i \ wind-deposited sediment and converting it to grain
\ Latest Pleistocene eolian sand is more extensive than Holocene eolian sand, although much of it was remobilized A e Ce“f‘??-' RCCTHER BT
‘ into younger eolian deposits during the Holocene or was buried by Holocene eolian sand. It is present primarily in - = that included bare sand
sheets that extend several kilometers downwind beyond the limits of middle and late Holocene sand units. Numerical - and plowing and
ages (radiocarbon and optical) and archeological data suggest that most windblown sand in eastern Colorado was planfingicrops
deposited initially at about the same time that glaciers last filled valleys in the higher parts of the Southern Rocky g liel Loth \
Mountains (Pinedale glaciation; see Geologic Time Chart on this map sheet). Deposition of eolian sand apparently was prevailing-wind,
in progress as early as 30,000 years ago and continued, probably intermittently, until perhaps as late as 13,000 years ago.

Photograph by John and
- Karen Hollingsworth, U.S.
Fish and Wildlife Service.

rcheological data are useful in helping to determine when deposition of late Pleistocene eolian sand ended, and they also help date Holocene eolian events. Archeological
v " L] .‘. ’ 1 A, Ax "IN, data indicate that deposition of latest Pleistocene eolian sand ended prior to occupation of the area by Folsom people, a culture that existed between about 10,900 and 10,400
-+ 4‘4 et A radiocarbon years ago (Dennis Stanford, oral communication, 2005), which is equivalent to about 12,700-11,300 calendar years ago. (See glossary in the pamphlet for an
explanation of the difference between radiocarbon years and calendar years.) Numerous Folsom projectile points were found at the Fowler—Parrish site, a bison kill site in an area
. J of late Pleistocene eolian sand just north of map locality 7. Also, the Powars site, which is in late Pleistocene eolian sand near Kersey, Colorado (map locality P), is a Folsom camp
.‘uw - l u W'M ‘i‘ or habitation site that contained abundant cultural materials equivalent to those found at the famous Lindenmesier site farther north (map locality L). In addition, a Clovis projectile
point was found near the top of eolian sand just south of the Powars site (Lou Klein, oral communication, 1995), and Clovis points were found at the nearby Klein site (map

locality K), which is on Pleistocene terrace alluvium. The Clovis Culture existed between about 12,000 and 10,600 radiocarbon years ago (Dennis Stanford, oral communication,
2005), which is equivalent to about 13,000 and 12,300 calendar years ago.

b . Although a few radiocarbon ages in eastern Colorado place the Upper Republican culture there between
? - AD. 1100 and 1300 (Cassells, 1997), radiocarbon ages in nearby Nebraska, Kansas, and southeastern

Wyoming suggest that this culture could have been in Colorado between A.D. 1000 and 1400 (K.D. Black,

written communication, 2005). The presence of Upper Republican ceramics in two late Holocene buried soils at

T Friehauf Hill (T.S. Baugh, written communication, 1985) indicates that deposition of an intervening middle

X & ~_ sand unit there began after A.D. 1000 and probably had ceased by A.D. 1300, or possibly as late as A.D. 1400;
g ‘deposition of a younger upper sand unit above the buried soils did not begin sooner than A.D. 1300.

A radiocarbon age of the late Holocene lower buried soil at Friehauf Hill indicates that the lower eolian
as deposited before 1,380 + 90 radiocarbon years ago. Artifacts in the lower part of the lower buried
. soil support this date. In addition to the Upper Republican ceramics in the uppermost part of this buried soil,
=8 | | : : S . e = : e _ : e — . ______the lower part of the buried soil contains Plains Woodland ceramics (T.S. Baugh, written communication,
icTi : - g 6 z = B N B 7 : = ' = S - e = - 4 ] L - ' . 985),acu ture that was in Colorado between about A.D. 100 and A.D. 1000 (Cassells, 1997).
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(Below) Center-pivot irrigators, which are large sprinkler
systems, create circular patterns on the plains of eastern
Colorado (also see fig. 8 on the map sheet). Center pivots
typically span a quarter section (one-fourth of a square mile or
160 acres) or more. Center-pivot irrigation has a potential for
negative environmental consequences when used to irrigate
crops on wind-deposited sand. Photograph by R.F. Madole.

During the last glaciation, winter winds probably blew stronger and for a longer time each year than they do at
present. In addition, more sand was available to be blown away than at any time during the Holocene because the

valleys of the South Platte and Arkansas Rivers and their tributaries were not deeply incised and were not covered by
Eolian sand deposits can be divided into at least three age groups primarily on the basis of differences in topographic expression of dunes and vegetation as they are today. Furthermore, channels and flood plains were many times wider than those of today and‘ o
degree of soil development. Age determinations indicate that the three age groups were deposited within the late Holocene (4,000-0 years ago), were occupied by braided streams, which tended to shrink to rivulets during the winter months leaving large
middle Holocene (8,000—4,000 years ago), and latest Pleistocene (35,000-11,600 years ago). expanses of bare, dry sand exposed to wind erosion.

Period Estimated Age

3 W (Below) Corn grows on Pleistocene alluvium in an area where about 9,000 years ago Plano people organized a large bison kill
X k ) ) ] (Jurger]s archeologlcal site, map Iocallty J). Photograph by Kevin Black, Colorado State Hlstorlcal Society.
diocarb o oy e 1y di on and definii and older wind-deposited sand sheets on adjacent uplands became more important. Rivers that gl _ \ ‘
et DO e e U ( e o a i eﬁmtzons 2 : Quaternary folocene | 1 coh vears originated in the Southern Rocky Mountains were perennial and maintained greater flows than 1
radiocarbon and optical dating) of the three sand units indicate that (1) the upper sand unit was deposited Pleistocene | ' streams originating on the plains. Thus, rivers draining from the mountains cut new valley floors_
mostly between about A.D. 1250 2.11.1d AD. 1650, (2) the nufldle sand unit was depos.lted between about A.D. _ AN Plocene | et e b ik 0tonc Mlobdiblains, and.feseRiey valleyifloors =
675 and A.D. 1020, and (3) deposition of the lower sand unit may have begun sometime between 3,500 and i Fdy A 0"|’"°°e"e — 238 pé)orted vegetation that inhibited wind erosion. Also, during the Holocene, runoff dwindled in /s
. ertiar NG igocene ; J
2,800 years ago and ceased prior to 2,340 years ago. p e L Subdivisions of the Quaternary Period drain-age basins located / ';';;;;;;;1';;;3’0Dﬂexggg;gfg;;gggggg’gifg,gfasses
g o o d 3 o g L e _ = = e A .
Preservation of the late Holocene buried soils is due to their high content of silt and clay (as much as il & 2‘5‘§ and Provisional Ag es of Mountain Glaciations wholly on th? Great Plams, / Zfé’ﬁﬁ,’;Z”,i %%mdo?ﬁ;ﬁaglfxgiflygterme/n%mp ‘J‘L‘l';;‘;’s a‘iggng, :;ff;’}’;;‘m‘;g f,rceaﬁt,;ej ﬂ:;a,gf;y
7086 percent in a few places), which is remarkable given that the soil parent material is generally 90 percent Cretaceous : Cretacoous | g, Period  Epoch Informal Geologic Mountain SR ;nd i llqn(ﬁlese l()lai;ns { e e L i . e S Itzgopﬁilgf
. . . % e : erio ('[H 2 g native vegetation lea to massive wina erosion tnat ariite b
or more sand (see fig. 7 and table 3 in the pamphlet). The silt and clay presumably are dust that was blownin | Phanerozoic|  pesozoic Cretaceous |, * P Time Terms Glaciations __years before present g et . sand across plowed and unplowed areas alike and
from elsewhere and deposited with sand or on sand and then translocated downward into the sand. Several ST 1 - (disproportionately smaller ‘buried roads. In some places, road cuts were filled with
A : ) , ~11,680
age determinations indicate that the upper buried soil formed between about A.D. 1020 and A.D. 1250, and
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218 than their valleys), and they

years

eastern Colorado between about 10,000 and 7,000

? o - as much as 3-5 meters of sand. Photographs by R.F. Madole.
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Million
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f R N : » e o By | =i | G P . _ - — — olsom culture was ending. Like Folsom people, Plano people
. ; g w P " w0y Rt e —_— & - e T e e e e iy utilized long, finely flaked projectile points, but without the
. . ; ’ . : 4 . 290 fils sk ! =L were minor sources of o i il (T S a4 . ¥ ) : ‘ i B T : . ; k fluting characteristic of Folsom points. Plano people also
two calibrated radiocarbon ages of the lower buried soil and two optical ages of sand in the middle unit WS, — ~128,000 i d d | Blue grama iBottelomn Bracils), the State grass ok Colorado s symbBic ofthe.shorbyrits o _ IO"!CI'. ’ T hunted big game, but apparently did so with more hunters and
. g . —_— 323 i late Bull Lake glaciation colian sand compare: to Y oraitid [Fi g o i i i RS " ’ - : “*om - : : - . ] ' more organization than Folsom people, which in some places
indicate that the lower soil probably was buried about A.D. 675. Quaternary |Pleistocene| iqdle ~310,000 [ y prairie. It is one of two dominant species in this grassland, the other dominant being ‘r . ; =, - : - . - e - g L people, 1*
Pal . 354 Period Epoch | pjeistocene middle 540,000 their Pleistocene . buffalo grass (Buchloé dactyloides). Blue grama has a broader range than buffalo grass : : % i AN - e o G S T = (r:elsulltjecé :nt nlr_le_zstSI_ve,l Scar_nglex kill sites. Photograph by Kevin Black,
: : . . aleozoic y LT A .+ because it grows on sandy and clayey soils alike, and it also grows in montane grassy ! ; Enh o L : o R ik i B d i - : RIHERI D NI e >
Middle Holocene eolian sand is the least extensive and most poorly dated of the three age groups. The ) ———————— 417 | early | Pre-Bull Lake glaciation| . counterparts. 4/ aroas to aitudes higher than 2500 meters (600 feet), Buftelo grass does not do wellor A i : g S R P : T
1 1 1 1 1 1 early ! f | 1 | L or sale .S. Geological Survey Information Services
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